Cross-sectional imaging is an indispensable tool in the investigation of parapharyngeal space and infratemporal fossa pathologies. Computed tomography and magnetic resonance imaging exquisitely display the complex anatomy of this region and provides accurate spatial localization of pathology, differential diagnosis and vital information for treatment planning.
INTRODUCTION
The parapharyngeal space (PPS) is centrally located and surrounded by other neck spaces from all sides. Due to its critical location and anatomic relationships, it acts as a highway for spread of infection and tumors from any of the areas that surround it to any of the other bordering spaces. Clinical examination is limited by the inaccessible location; hence diagnosis of PPS pathologies is completely dependent on cross-sectional imaging.
PPS ANATOMY
PPS is an inverted pyramidal-shaped potential space extending down from the skull base on either side of the pharynx (Figs 1 and 2 ). It is divided into two compartments: Prestyloid and retrostyloid by tensor-vascular-styloid fascia. 1 This fascia connects tensor veli palatini muscle with styloid process. Prestyloid compartment lies anterolateral to this fascia while retrostyloid compartment lies posteromedial to this fascia. The prestyloid compartment is filled with fat, connective tissue, minor or ectopic salivary glands, branches of the mandibular division of the trigeminal nerve, internal maxillary artery, ascending pharyngeal artery and pharyngeal venous plexus. The components of the retrostyloid compartment include the internal carotid artery, internal jugular vein, cranial nerves IX-XII, and cervical sympathetic chain and glomus bodies. This terminology for the PPS is most often used by surgeons. 1 Some radiologists separate the carotid space from the PPS and describe them as two separate spaces. 2, 3 The PPS is bounded medially by the buccopharyngeal fascia which covers the pharyngobasilar fascia and outer aspect of pharyngeal constrictor muscles. The anterior border is formed by the pterygomandibular raphe. The lateral boundary is formed by the fascia on the medial aspect of the masticator space and the fascia over the deep surface of the parotid gland. On the posteromedial aspect there is retropharyngeal space. The space extends inferiorly up to the styloglossus muscle at the level of angle of mandible. As there is no fascia separating the inferior PPS from the submandibular space, open communication exists between PPS and posterior submandibular space. Superiorly, the space interacts with the skull base in bland triangular area on the inferior surface of petrous apex.
The parotid space lies lateral to PPS while masticator space lies anterolaterally. Pharyngeal mucosal space lies medially while retropharyngeal space lies on the posteromedial aspect of the PPS. The stylomandibular tunnel is bounded by the posterior ramus of the mandible, the skull base and the stylomandibular ligament through which deep lobe of parotid protrudes into the PPS.
Infratemporal Fossa
The infratemporal fossa (ITF) is a larger space bounded anteriorly by the posterior surface of the maxilla, posteriorly by the mastoid temporal bone, laterally by the vertical ramus of mandible and zygomatic arch, superiorly by inferior surface of greater wing of sphenoid and squamous temporal bone, and medially by the sphenoid pterygoid process, pterygomaxillary fissure and lateral part of nasopharynx. 4 Inferiorly it is bounded by the superior limit of posterior belly of digastric and angle of the mandible and has no floor. The contents of the ITF are pterygoid muscles, internal maxillary artery, pterygoid venous plexus and mandibular division of trigeminal nerve. The masseter is not a content of the ITF. The nonfascial lined ITF thus combines a large part of the masticator space, PPS and the retroantral buccal space reaching up to the skull base superiorly.
PATHOLOGIES

Congenital/Developmental Lesions
Branchial cysts may arise in the PPS. They originate in the second branchial apparatus most likely from the branchial pouch. 5 These cysts are located deep to the tonsillar fossa in the medial aspect of the PPS and just anterior to retropharyngeal space. On computed tomography (CT) they are seen as low attenuation (10-20 HU) lesions with thin uniformly smooth wall. On magnetic resonance imaging (MRI), they appear as T1W hypointense and T2W hyperintense lesions with peripheral enhancement on postcontrast study. When a cyst is infected, the density of its content increases and shows increased attenuation on CT and the wall thickens and enhances. 6 Teratomas may rarely occur in the PPS and most have occurred in newborns and infants and neonates. Components of all three germ layers are present. On CT, areas of calcification, ossification, fat and cystic degeneration can be seen within a heterogeneously enhancing mass lesion. 7
Infections
PPS and infratemporal fossa infections mostly result from contiguous spread from other spaces. Common primary source of infections in such cases are masticator space (dental infections), maxillary sinus, peritonsillar space and submandibular space. 8 Role of imaging in these cases is to confirm the presence of inflammation, delineate the extent of involvement and differentiate between cellulitis and abscess formation, which requires drainage. On imaging there will be enlargement of these spaces, fat stranding and obliteration of fat planes.
On CT it appears as increased attenuation of fat and dirty appearing fat. On MRI T1W images show decreased signal of fat, while increased signal intensity is seen on T2W imaging, due to increased fluid content. Inflamed muscles appear hypodense on CT, show increased signal on T2W MRI and inhomogeneous postcontrast enhancement on both CT and MRI (Figs 3A to C).
An abscess is best identified with contrast enhanced imaging. On CT, it appears as a peripherally enhancing lesion with central nonenhancing hypodense core. On MRI, the necrotic core appears hypointense to intermediate signal on T1W imaging and hyperintense on T2W imaging with peripherally enhancing rim on postcontrast imaging. Identification of peripherally enhancing rim is important in differentiating abscess from phlegmon or cellulitis.
Neoplastic Lesions
Tumors of the PPS account for less than 0.5% of head and neck neoplasms. 9 They fall into three categories: Primary, Imaging of Parapharyngeal Space and Infratemporal Fossa AIJOC metastatic and extension from adjacent structures. The vast majority of the lesions of the PPS arise in adjacent spaces and spread from there into the PPS. 6 To conclude that a lesion is primary to PPS, it must be surrounded by fat from all sides. The most common primary neoplasms to arise in the PPS are of salivary gland origin, next common being neurogenic tumors. 8
Salivary Gland Tumors
Primary salivary gland tumors of PPS originate from minor salivary glands in the PPS. Pleomorphic adenoma is the most common tumor type. 8 Pleomorphic adenoma (benign mixed tumor) appears as a well-defined rounded mass with smooth noninfiltrating margins. When larger than 2 cm they may have cystic or necrotic areas within them. On CT, small lesions appear as hypodense enhancing lesions. On MRI, they have isointense to intermediate T1-weighted and high T2-weighted signal intensities and show homogenous enhancement on and shows heterogenous contrast enhancement (C). Imaging morphology was suggestive of a primary tumor of the parapharyngeal space, most likely to be a minor salivary neoplasm. Histopathology revealed a pleomorphic adenoma of minor salivary gland postcontrast study (Figs 4A to C). It is important to look for intervening fat separating the tumor from the parotid gland to diagnose it as originating primarily from the PPS.
If the margins of tumor are not clearly defined, then possibility of uncommon malignancy like mucoepidermoid or adenoid cystic carcinoma is to be considered.
Salivary gland tumors are always anterior to the internal carotid artery (ICA) and, if large enough, will displace the ICA posteriorly. 10
Neurogenic Tumors
Neurogenic tumors are the second most common neoplasms originating from the prestyloid PPS and are the most common retrostyloid PPS tumors. 8 These consist of schwannomas, neurofibromas and paragangliomas.
Schwannomas are much more common than neurofibromas. In prestyloid compartment, schwannoma originating from trigeminal nerve is common. In retrostyloid compartment, schwannoma originating from vagus nerve is common followed by glossopharyngeal nerve while that from sympathetic chain is rare. 6 Neurofibroma as such is rare and they are usually associated with neurofibromatosis.
Schwannoma
Schwannomas are fusiform, sharply circumscribed masses seen on CT as soft tissue density masses with few cystic areas within. They show uniform enhancement on postcontrast study. On MRI, they appear heterogeneously hyperintense on T2W images and isointense to hypointense on T1W images. 11 No flow voids are noted within them which help it differentiate from paraganglioma.
As schwannomas are hypovascular and have poor venous drainage, there is slow accumulation of contrast within the tumor and thus they show persistent and increased enhancement on delayed scans taken after 2 minutes of administration of contrast. This is in contrast to paraganglioma which is a hypervascular tumor and show early peak enhancement with rapid washout of contrast on delayed phases. 12, 13 The third differentiating point between schwannoma and paraganglioma is that when the lesions extend through a skull base foramen, schwannoma will cause scalloping and smooth enlargement of the foramen while paragangliomas will cause irregular erosions of bony margins of foramen.
The nature of displacement of carotid vessels and internal jugular veins help in predicting the nerve of origin of schwannoma and also differentiating it from other benign lesions of PPS like minor salivary gland tumor. 14 In vagal nerve schwannoma, there is anteromedial displacement of ICA and posterolateral displacement of internal jugular vein (IJV) while in schwannoma arising from sympathetic chain, there is anterior displacement of both ICA and IJV.
Paraganglioma
They represent 10 to 15% of all the lesions in the PPS, almost all of them originating in the retrostyloid compartment. Three varieties of paraganglioma are seen in the PPS depending on its site of origin. 6 The most common type is glomus vagale paraganglioma originating from the glomus bodies located in nodose ganglion of vagus nerve just 1 to 2 cm below jugular foramen. Second common type is the carotid body tumor which originates from the carotid body cells near the carotid bifurcation. They cause characteristic splaying of ICA and ECA when located in the crux of carotid 
Imaging of Parapharyngeal Space and Infratemporal Fossa
AIJOC bifurcation, called the Lyre's sign. 15 Third type of paraganglioma of this region is glomus jugulare tumors (Figs 5A to C) which arise from the paraganglionic cells around the jugular ganglion. The bulk of the lesion, both above and below the skull base, is almost equal.
On imaging, paraganglioma appears as a smoothly contoured, ovoid PPS mass with multiple vascular flow voids noted in the lesion on spin echo sequences of MRI. In small lesions less than 2 cm, flow voids may not be seen. On T2W sequence, a characteristic 'salt and pepper' appearance is noted. The explanation for this appearance is that scattered high signal intensity foci are noted on T2W images due to the slow flow within the tumor and due to foci of subarachnoid hemorrhage within the lesion combined with serpentine low signal intensity areas corresponding to flow voids due to rapid flow in some of the vessels within the lesion. 16 Dynamic contrast enhanced MRI further helps in characterizing a lesion as paraganglioma as it will show a hypervascular curve with a sharp early filling peak and a rapid washout phase. 12, 13 A drop out phenomenon has been described by Vogt et al 17 for skull base paragangliomas. On dynamic MR scanning when images are taken at the same level, due to the hypervascularity of paragangliomas, there is high concentration of gadolinium reached in the tumor 24 to 42 seconds after start of injection such that due to susceptibility effect of gadolinium there is signal loss from the lesion. As the concentration of gadolinium slowly decreases, the signal intensity increases once again. Others tumors do not show this phenomenon.
On CT, as mentioned above, paragangliomas which extend into/through the skull base foramen will cause irregular erosions of the margin of the foramen.
Vascular Malformations
Vascular malformations result from aberrant development of vascular channels. These lesions are usually transpatial.
Lymphangiomas
Lymphangiomas (Figs 6A and B) presumably form due to sequestrations of embryonic lymph sacs. They are smooth nonencapsulated masses, consist of dilated endothelial lined lymphatic spaces and may have thin-walled vessels within them. On imaging they appear as unilocular or multilocular cystic masses with thin walls. They are usually trans-spatial and tend to insinuate between normal structures without causing mass effect. On CT they appear as hypodense poorly defined cystic masses. On MRI they are usually hypointense on T1W imaging; however they can be hyperintense if containing high proteinacious contents or blood. On T2W they appear hyperintense, transpatial lesions and it is the best sequence to delineate extent of lesion. Usually no significant postcontrast enhancement is seen on either CT or MRI, except mixed vascular and lymphatic lesions.
Venous Vascular Malformations
Venous vascular malformations or cavernous hemangiomas (Figs 7A to C) are the most common vascular malformations of head and neck. They arise due congenital arrest of vascular development.
Pathologically it is a conglomerated mass of venous channels of variable diameter. Intraluminal thrombi and phleboliths are commonly seen. On imaging it appears as lobulated soft tissue mass of variable size with phleboliths. It tends to infiltrate adjacent compartments, resulting in trans-spatial mass. On CT it appears as isodense lobulated soft tissue mass with round calcifications. Remodeling of adjacent bones can be seen. Postcontrast enhancement is variable, depending on intralesional flow rate. Enlarged draining vein can be seen on CT angiography, however feeding artery is difficult to identify. On MRI it appears from iso-to hypointense, multilobulated lesion. On T2W 
Tumors Extending from Adjacent Spaces
In adults common infiltrative lesions to involve the infratemporal fossa are squamous cell carcinomas of the (Figs 10A and B) .
The prestyloid PPS is most commonly involved by salivary gland tumors arising from the deep lobe of the parotid gland. 8 A pleomorphic adenoma originating in the deep lobe of parotid and extending into the PPS will be seen as a dumbbell-shaped mass with waist at stylomandibular tunnel.
Mucoepidermoid and adenoid cystic carcinomas originating in the minor salivary glands of lateral pharyngeal wall and infiltrating into the prestyloid fat will have fat only on its lateral contour.
Other infiltrative lesions to spread to the PPS are sarcomas of fatty, muscular and fibrous origin arising from the adjacent spaces. Osseous and cartilaginous lesions arising from the skull base, cervical vertebrae and mandible like osteoma, osteochondroma, osteogenic sarcomas, chondromas, chondrosarcomas and chordomas may extend into PPS via stalk-like extension.
Rarely, primary intracranial neoplasms like meningiomas may extend into PPS via any of the skull base foramina (commonly jugular foramen) or by invading the skull base itself. 20 They appear as homogeneously enhancing 
Vascular Lesions
Aneurysms arising from carotid artery, most commonly occur at bifurcation. Preoperative identification of parapharyngeal mass as aneurysm is very important, as surgery can be catastrophic. The presence of characteristic peripheral rim calcification with nonvisualization of ICA separately is adequate for identification of aneurysm. 6 Further confirmation with MRA and CTA can be made.
Internal carotid artery dissection is seen as narrowing of arterial lumen with eccentric mural thickening. CT will also show hypodense intramural hematoma with enhancing rim of vasa vasorum. On MRI intramural hematoma appears hyperintense on both T1W and T2W images. Fat suppressed T1W is the single best MRI sequence for diagnosis of dissection. 21 IJV thrombosis and ICA occlusions may masquerade as parapharyngeal cystic lesions. However tubular nature of these pathologies, should readily clinch the diagnosis.
Variations in the course of ICA 22 may occur, commonly as a result of atherosclerosis. Close proximity of ICA to pharyngeal tonsils should be reported, as it may increase the surgical risk. Congenital variant of ICA with sigmoid shaped tortuosity can cause bulging of pharyngeal mucosal space, simulating a parapharyngeal or retropharyngeal mass. These variations can be easily identified on contrastenhanced CT or MRI.
Image-guided Biopsy
Imaging guidance has made it possible to biopsy lesions in the PPS. Ultrasound, which is often used for guided biopsies of superficial lesions, cannot be used here due to poor acoustic window through the overlying bones. CT is the best and most effective to approach deep seated lesions. MRI is not widely used because of the need for special MRI compatible needles, high cost, longer acquisition time and limited availability of open MRI scanners.
Close proximity of structures and overlying bony structures limits the windows for needle trajectory. However, with careful and meticulous planning, it is possible to biopsy almost any parapharyngeal lesion safely ( Figs 11A and B) . Serious complications are rare, if one is familiar with cross-sectional anatomy and location of major vessels. Also the use of smaller calibre needles reduces the potential of major bleeding. Pain, vasovagal reaction, minor bleeding and infection are some of the minor complications reported with this procedure. 23
CONCLUSION
CT and MRI are indispensible for the evaluation of PPS and infratemporal fossa. Due to its unique location, pathologies arising in the bordering spaces often secondarily involve the PPS. The pattern of displacement of fat in the PPS helps us to localize the site of origin of the lesion.
Figs 11A and B:
Computed tomography guided biopsy: CT shows an ill-defined mass (A: arrow) in right infratemporal fossa. Needle is directed through paramaxillary approach, lateral to the facial artery (B: arrowhead). It is important to avoid damage to important neurovascular structures by meticulously planning
